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The !hydrogen bonding between phenol as electron acceptor and piperazine, dimethyl-
piperazine and 1,4-diazabicyclo[2.2.2]octanehas been studied in cyclohexane.by electronic absorp-
tion spectroscopy. The thermodynamic and spectroscopic parameters show that the diaza
compound is a strong electron donor towards hydrogen bonding. The effects of hydrogen bond-
ing on the donor electronic transitions has been discussed. The infrared frequency shift data
also show that the diaza compound is a strong electron donor.
TERTIARY amines and aza aromatic com-pounds act as good electron donors towardsphenol in forming strong hydrogen bonds--".
It was considered of interest to study the electron
donating ability of the nitrogen atom incorporated
in a rigid ring system. It has been found that
such molecules, with one or more hetero atoms
present in the ring, acquire outstanding chemical
properties such as complexing ability" and catalytic
activity. The hydrogen bond forming ability of
such substances has not been reported in the litera-
ture. For this purpose we have chosen the following
compounds, 1,4-diazabicyclo[2.2.2Joctane (I), pipera-
zine (II) and N,N'-dimethylpiperazine (III). Elec-
tronic absorption spectroscopy has been employed
to study their interaction with phenol, p-nitrophenol
and tribromophenol as it was found to be quite
reliable for the study of hydrogen bonding pheno-
menon".
IU ( \! )
Materials and Methods
The diazaoctane (I) was obtained from Houdrv
Chem~cal Co., piperazine from Eastman Organic
Chemicals and N,N'-dimethylpiperazine from Aldrich
Chemical Co., USA and were used as such. For
further experimental details, see the preceding
papers.
Infrared spectra were recorded on a Perkin-Elmer
model 237B in chloroform solution. Minimum
concentration of phenol was employed to obtain
only the monomer O-H band. While studying
the mixtures with electron donors, the same con-
*To whom all the correspondence should be addressed.
100
cent ration of the donor was kept in the reference
beam.
Results and Discussion
Spectra of phenol, p-nitrophenol and tribromophenol
in the presence of piperazine - The spectra of phenol,
p-nitrophenol and tribromophenol in the presence
of varying amounts of piperazine in cyclohexane
were recorded. Fig. 1 represents a typical case.
Similar spectral changes were observed in the case
of other donors, N,N'-dimethylpiperazine and 1.
The spectral curves show the presence of isobestic
points. It can be assumed that these spectral
changes are solely due to the formation of the
hydrogen bond between the phenol and the donors
in the ratio 1: 1. In all these cases the concen-
tration of piperazine or other electron donors is
higher than that of the electron acceptors.
The equilibrium constants and enthalpies of
hydrogen bond formation were obtained. by using
the method described in detail in the preceding
paper". Typical plots for equilibrium constants
for the interaction of piperazine with phenol, p-
nitrophenol and tribromophenolare shown in Fig. 2.
The equilibrium constants for all the systems were
calculated at the shifted band of the electron accep-
tors. The thermodynamic parameters (K and
-6.HO) for these hydrogen bonded systems given
in Table 1, show that all the three compounds give
high equilibrium constants and reasonably high
enthalpies for the formation of hydrogen bond.
It i;; of interest to compare the results of Table 1,
With the electron donatmg abrhtv of pyrazine.
The equilibrium constants for the interaction of
pyrazine with iodine is 12 litre mole". The en-
thalpy value has not been reported. The hydrogen
bonding data for the interaction of pyrazine with
phenol is also not available in the literature. It
can. however, be concluded that pyrazine is a poor
electron donor. Similarly, the equilibrium con-
stants for the interaction of phenol with pyridine
are lower in magnitude. These results clearly
indicate that the 'nitrogen atom in a saturated
ring system has a better tendency to interact with
SHAH & MURTHY: HYDROGEN BONDING BETWEEN PHENOL & PIPERAZINE
woz
c(
10
~
~
265 270 275 280 285
A,l'Im
Fig. 1 - Absorption spectra of pherol-pipcraair.c systems in cyclohexanc [Curve I: Phenol (5-18 X 10-«M); curvcs II-V:
phenol (S'18xl0-«M)+piperazine of S'9xlO-«M (II), 1'77 x 10-3M (III), 2'9SxlO-3M (IV) and 4·72 x 10-3JI (V))
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Fig. 2 - Typical plots for calculation of equilibrium constants by Baba ar d Suzuki's equation for the systems in
cyclohexar e [Piperazine with (A) pher 01 at different wavelengths (22°). (B) p-nitropher.o.J at 300 nm (1S°) and
(e) tri brornophenol at 318 nm (16°)J
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phenol than that in a unsaturated ring system. For
a given electron acceptor (phenol, p-nitrophenol
or tribromophenol), the equilibrium constants vary
in the order: I>piperazine>dimethylpiperazine.
The diaza compound (I) has been found to be a
good electron donor for interaction with II (ref. 4).
Similarly for a given electron donor, the equilibrium
constants and enthalpies (to some extent) are higher
with p-nitrophenol than with phenol. This is in
accordance with the known concepts of acidity,
because p-nitrophenol is a better acid than phenol.
Tribromophenol also gives higher equilibrium con-
stants. It is surprising that although the equi-
librium constants are larger in magnitude, the
enthalpy values are rather insensitive to the electrical
effects. Further, we do not notice any definite
trend. The entropy (-ASO) values vary in the
range 5-12 e.u.
TABLE 1- THERMODYNAMIC DATA FOR
ACCEPTOR-DoNOR SYSTEMS IN CYCLOHEXANE
Electron donor I{
(litre mole'<)
-flHO
(kcal mole=)
PHENOL
Piperazine
Dtmethylpiperazine
DABCO (I)
240'2* (220)
100'5 (24°)
537'1 (16°)
3·1
4'2
2'9
P-NITROPHENOL
Piperazine
Dimet hylpiperazine
DABCO (I)
323-8 (150)
161'4 (200)
628'4 (20°)
2·0
5'2
5'9
TRIBROMOPHENOL
Piperazine
Dimethylpiperazine
DABCO (I)
545-4 (160)
130·3 (18°)
682'0 (18°)
6'8
1-3
3'0
*Average value for different wavelengths: 245'6 (281 nm);
240·1 (282 nm); 233·4 (283 nm); 250'0 (284 nm); 235·1
(285 nm).
Spectroscopic properties - The results on the effect
on various spectral parameters of various phenols
are given in Table 2. On hydrogen bond formation,
the band around 280 nm was shifted to higher
wavelengths (red shift). The magnitudes of the
red shifts are larger indicating a strong mode of
interaction. Similarly, the molar extinction coeffi-
cients, the ratio of the oscillator strengths,fH-bonded/
/tree and the transition moment, D show a marked
variation on hydrogen bond formation thereby
suggesting that the interaction of various electron
donors with different phenols is quite strong. It
is interesting to note that there is an approximate
parallel variation between the equilibrium constants
on the one hand and the oscillator strength ratio
and transition dipole moment on the other.
Piperazine and N,N'-dimethylpiperazine do not
absorb In the UV or visible region. However, I
exhibits a high intensity band around 228 nm
which was assigned to an n-+p Rydberg transitions.
It would be of interest to investigate how an intra
electron donor electronic transition will be perturbed
by the formation of a hydrogen bond. Typical
spectra on the effect of added phenol on the position
and intensity of the 228 nm band were recorded.
The absorption due to added phenol was compen-
sated for by keeping the same concentration of
phenol in the reference beam. The spectra clearly
show that the intensity of 228 nm band decreases
with increase in the concentration of phenol. This
is contrary to the observations of Halpern and
Weiss! on the interaction of 12 with I, who observed
an intensification of the band upon complex for-
mation. The intensification partly occurs, due to
the fact that the donor transition borrows intensity
from the charge transfer transition characteristic
of the complex", In hydrogen bonded systems,
however, no such characteristic transitions have
been observed. So, the intensity decrease may be
due to some other factors, whose nature is not
known.
The magnitude of hydrogen bonding interaction
can also be understood from infrared O-H frequency
shifts, which are listed below. These values suggest
TABLE 2 - SPECTROSCOPIC DATA FOR ACCEPTOR-DoNOR SYSTEMS IN CYCLOHEXANE
flv "M [iree JH-bonded JH-bonded
(crn'") (litre mole"! crn'") ----
ifree
PHENOL
590 700 4·4 X 10-3 4'5 X 10-3 1'03
570 1584 5'5 x 10-3 1'25
510 1223 5·9 x to-3 1'35
P-NITROPHENOL
910 9885 1'8 X to-1 1'8 x to-1 1'00
800 9883 1'9 x 10-1 1'05
750 9872 1'97 x 10-1 1'10
TRIBROMOPHENOL
2110 3885 1'5xl0-2 2'6x10-2 1·7
130 2715 2·1 xl0-2 1'4
110 2710 2'0 x 10-1 1'3
Electron donor
Piperazine
Dirnet hylpiperazine
DABCO
Piperazine
Dimethylpiperazine
DABCO
Piperazine
Dimethylpiperazine
DABCO
D
(Debye)
0'52
0'57
0'61
3-16
3'26
3'35
1·34
1'15.
1'10
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that the hydrogen bonding interaction is quite
appreciable, more so with I.
Donor
I
II
III
380
340
300
The recent extended Hiickel molecular orbital
calculations by Hoffmann and coworkers? show
that there is an extensive interaction between the
two nitrogen lone pairs in I, thus lending support
to our conclusion.
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